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Abstract
This chapter investigates the potential and limits of the contingent valuation
method for assessing the benefits of groundwater remediation or protection
programs. The discussion is based on a review of the literature and on two
original contingent valuation surveys conducted in France and in Belgium, in
contexts where groundwater was expected to be particularly unfamiliar to
respondents. Particular attention was paid to (i) people’s perception and under-
standing of the resource under study, and (ii) type and quantity of information
provided by the questionnaire. In both cases, we show that the population is
concerned about groundwater remediation or protection, especially to guarantee
the wellbeing of future generations. Overall, we highlight that assessing willing-
ness to pay through contingent valuation surveys is helpful for conducting an
integrated valuation of groundwater protection benefits. However, we also point
out two main limits which might restrict the relevance of the results obtained:
(1) the respondents’ limited prior knowledge of groundwater and the risk that
information provided by the questionnaire biases the elicitation process; and
(2) two types of embedding effect, with the difficulty for respondents in consid-
ering the geographic extension of an aquifer and disentangling benefits derived
from groundwater quality improvement from other environmental benefits.
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Since the industrial revolution, the development of industrial and other economic
activities has generated significant pressures on groundwater resources, in devel-
oped and in developing countries. Many aquifers were contaminated by point and
non-point source pollution or were over-abstracted, sometimes leading to irrevers-
ible damages, such as sea water intrusion or land subsidence (see Chap. 2).
Groundwater deterioration went relatively unnoticed for decades, due to the invisi-
ble nature of the resource, lack of knowledge, inexistent monitoring networks and
insufficient institutional frameworks (Chap. 1). Yet, over time, a growing number
of users were affected by this “silent” groundwater deterioration. The cost to
society became tangible as municipalities, households, industries or farmers were
forced to shut down contaminated wells. This progressively triggered response
from public authorities including the elaboration of more comprehensive legal
frameworks for groundwater protection (see Chaps. 6 and 22) and the implementa-
tion of groundwater protection and reclamation programs.
Due to difficulties in identifying the actors who caused groundwater deteriora-
tion (e.g. diffuse pollution), or because they no longer exist (e.g. abandoned
industrial sites), costs of groundwater remediation projects often have to be borne
by public agencies. Because of limited available financial resources, economic
considerations have increasingly played a key role in setting priorities between
competing groundwater protection programmes or remediation projects. Cost-
benefit analysis (CBA) has been used to identify groundwater basins where ground-
water decontamination or protection is likely to generate the highest return on
investments for society. This rationale for instance underlies the Superfund
programme in the USA (Kiel and Zabel 2001). Alternatively, CBA is also used to
identify sites where no action should be undertaken because remediation costs are
outweighed largely by the expected benefits. This approach is implemented in
Europe where CBA can be used to waive the general requirement to restore good
chemical and quantitative status imposed by the Water Framework Directive
(Brouwer 2008; Quevauviller 2008; Rinaudo and Aulong 2014).
This paper focuses on two main “integration” challenges faced by economists
trying to assess in monetary terms the benefits of groundwater remediation or
protection. The first one lies in integrating in their analysis the full range of positive
impacts of such programs. Restoring groundwater quality or quantity is likely to
improve the economic situation of many economic actors who directly use ground-
water, including drinking water utilities, households depending on private wells,
farmers irrigating their crops, industries using groundwater in their process (direct
use values). It will also generate indirect benefits, often related to recreational
activities (e.g. swimming, angling, canoeing) for users of groundwater dependent
ecosystems (e.g., rivers, wetlands, gravel pit lakes) where ecological status is
improved together with groundwater (indirect use values). Last but not least,
groundwater remediation may also generate benefits not related to a particular
use of the resource: these benefits refer to non-use values such as those associated
with the possibility for others to use a groundwater in good status (altruistic value),
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or to the protection of the groundwater resources for itself (existence value).
Economic valuation aims at integrating all these positive impacts into one single
monetary estimate.
The second challenge lies in integrating in monetary valuation the long term
dimension of groundwater protection benefits and in particular the value of ground-
water for future generations. Indeed, restoring groundwater quality not only
provides a flow of benefits for present generations. It also represents an increase
of natural capital which might become a source of wealth in the future. Economists
usually distinguish the option value associated with potential future use for present
generations from bequest value associated with the preservation of an environmen-
tal good (natural heritage) for future generations.
This paper investigates the potential and limits of a specific economic valuation
methodology – the contingent valuation method – which has often been
recommended for conducting an integrated economic assessment of groundwater
restoration benefits. The main objectives of the chapter are: (1) to present to
non-economists how the contingent valuation method can be used for conducting
an integrated economic assessment of groundwater protection and restoration
benefits; and (2) to discuss the advantages and caveats of this method. The discus-
sion is based on a review of the literature and on two original case studies to feed the
debate.
The chapter is organised as follows. In the next section, we describe the different
methods that can be used to assess the economic benefits of groundwater protection
and remediation, with a specific focus on the contingent valuation method which is
increasingly used in environmental economics. The paper then presents two origi-
nal groundwater valuation studies conducted in Belgium and France, based on the
contingent valuation method and using a similar protocol. Materials and methods
are presented in Sect. 21.3 and results obtained in Sect. 21.4. We then discuss in
Sect. 21.5 the limitations of the method in the context of groundwater valuation
studies before concluding the chapter.
21.2 Valuing the Benefits of Groundwater Protection
with Contingent Valuation: A Review
21.2.1 Methodological Approaches for Valuing Groundwater
Protection Benefits
A popular approach among practitioners to assess the benefits of groundwater
protection is the avoidance-cost method (e.g., see Abdalla 1994; Rinaudo
et al. 2005). It consists of assessing the cost of actions undertaken by economic
agents to cope with groundwater degradation, and pollution in particular. Typical
avoidance costs are those related to the closure and displacement of contaminated
drinking water wells (public or private), the installation of sophisticated water
treatment units (municipal or domestic) or the purchase of bottled water when
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groundwater can no longer be used as a safe source of drinking water. One of the
main advantages of this method is that it measures tangible costs that correspond to
real expenditures made by concerned economic agents (investment, operation and
maintenance costs). Results obtained are thus easy to grasp by policy makers and
stakeholders. Its main weakness is that it only focuses on direct use benefits. It does
not consider less tangible benefits related to: the possible uses of groundwater in the
future (option value); the positive impact on groundwater dependent ecosystems
(indirect use benefits); the transmission of a well-protected natural heritage to
future generations (bequest value); the opportunity for other individuals to use
groundwater in good status (altruistic value); and the protection of the groundwater
resource for its own integrity (existence value). Benefits assessed with avoidance
cost methods are thus generally considered as lower bound estimates.
An alternative method, widely used for practical applications in the United
States, is the contingent valuation method (CVM). Unlike the avoidance-costs
technique, this method is not based on the observation of actual behaviours of
economic agents to cope with existing groundwater deterioration. Instead, it relies
on the implementation of surveys to elicit people’s willingness to pay (WTP) for
hypothetical environmental improvement scenarios. The assumption is that
individual-stated WTP reflects the intensity of the benefits each respondent derives
from the scenario. After the survey is completed, stated WTP can be aggregated
over the sample, and then extrapolated to the entire population concerned by the
groundwater remediation scenario, in order to produce an estimate of the total
economic benefits of the restoration scenario. The information provided to
respondents should describe the full range of benefits they will derive from the
groundwater protection/restoration scenario, including direct and indirect use, for
present and future generations. In theory, the main advantage of this method is its
ability to integrate all the benefits – direct and indirect, present and future – in a
single monetary indicator. Let us now look at how the method has been used in
practice.
21.2.2 The Integrative Capacity of Contingent Valuation Method
The CVM was first, and predominantly, applied to assess groundwater restoration
and protection benefits in the USA (see Table 21.1). The use of the method was
recommended by the US Water Resources Council in 1983. Its use was fostered by
the increasing number of groundwater contamination cases, affecting a very large
number of households relying on private wells for drinking water supply. The first
study was conducted by Edwards (1988) in a small Massachusetts community
where water supply was fully dependent on groundwater. A survey was conducted
to elicit the population’s WTP for reducing the probability of water supply contam-
ination. This seminal research was followed by a number of similar studies
conducted in the 1990s. Overall, this first wave of groundwater contingent valuation
studies primarily aimed at assessing people’s WTP for an improvement in the
quality of their domestic water supply (see for example Shultz and Lindsay 1990;
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Sun et al. 1992; Powell et al. 1994; Caudill 1992; Jordan and Elnagheeb 1993; Poe
and Bishop 1993; Lichtenberg and Zimmerman 1999). Estimated WTP were thus
not reflecting the total value of groundwater improvement. Several studies have
also shown that an important part of the elicited WTP may be related to the
improvement of the groundwater resource itself or to the ecological services it
provides through sustaining dependent ecosystems (see for example Lazo
et al. 1992; McClelland et al. 1992).
In Europe, the use of the CVM to assess the economic value of groundwater
protection has been more integrative. Studies were generally designed to capture a
wider range of benefits and they were not solely focusing on the benefits associated
with domestic water supply. In the first study, Stenger and Willinger (1998),
followed by Rozan et al. (1997), designed a survey to assess the “patrimonial
value” of the upper Rhine valley aquifer (Eastern France), explicitly considering
the multi-generational dimension of groundwater. Their study was designed to
elicit WTP of groundwater users and non-users. This integrative approach was
further extended in the 2000s, following the publication of the Water Framework
Directive, with a series of studies explicitly considering a wide range of potential
benefits in Denmark (Hasler et al. 2005), France (Chegrani 2009; Rinaudo and
Aulong 2014), the Netherlands (Brouwer et al. 2006), Portugal (Miraldo Ordens
et al. 2006), Latvia (Pakalniete et al. 2006); Slovenia (Strosser and Bouscasse
2006), Greece (Tentes and Damigos 2012) and Spain (Martinez-Paz and Perni
2011). Similar studies have also been conducted in New Zealand (White
et al. 2001), in China (Wei et al. 2007) and in Lebanon (El Chami et al. 2008).
One of the main findings of groundwater contingent valuation studies was to
show that an important part of the elicited WTP may be associated with indirect use
values or non-use values. In 1985, the USEPA reported that “numerous cases have
occurred where communities and public officials argue heatedly for complete
clean-up of contaminated aquifers which are not even presently being taped” Poe
et al. (2000) shows in a meta-analysis that studies focusing only on use values had
significantly lower WTP than studies that elicited total WTP for groundwater
protection programs. Several studies have also shown that bequest values were
quoted among the main reasons to contribute to a program of groundwater protec-
tion and may also statistically influence the willingness to contribute (e.g., Rinaudo
and Aulong 2014).
21.2.3 The Limits of CV for Groundwater Economic Valuation
One of the main concerns with applying CVM to groundwater is that respondents
may have a very limited knowledge of the environmental asset they are asked to
value. In theory, CVM should only be used when respondents have what Lazo
et al. (1992) call “perfect information,” defined as: (i) a clear perception of the
environmental asset they are asked to value; (ii) existing substitute commodities if
any; and (iii) a good understanding of how changes in the level of provision of the
commodity will affect them (e.g. the individual benefits of the scenario).
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Evidence from various surveys shows that this is rarely the case. People gener-
ally have a very limited knowledge of groundwater resources and related manage-
ment issues, even when they have a direct link to the resource through private wells.
This is illustrated by the results of a survey conducted in 1995 in Massachusetts
(Stevens et al. 1997) where 47 % of the respondents declared they knew little or
nothing about groundwater, although half of the respondents had private wells and
the second half was supplied by a municipal utility using groundwater. This
knowledge problem is even worse in contexts where the population is supplied by
public water networks and where “the only link that exists between groundwater
quality and households is the price they pay for the drinking water supply”
(Rinaudo and Aulong 2014). This is illustrated by the results of a series of
European surveys: in the Netherlands, Brouwer et al. (2006) found that 40 % of
the respondents were not familiar at all with groundwater; in Latvia, 46 % of the
respondents connected to the domestic water supply network did not know the
origin of their water and that 48 % of the respondents were not informed about the
groundwater contamination problem (Pakalniete et al. 2006); in Eastern France,
82 % of respondents declared not being well-informed of groundwater management
problems (Rinaudo and Aulong 2014).
In such situations, CVM specialists acknowledge that the method can still be
used (Arrow et al. 1993). The burden of informing respondents about all the aspects
of the environmental asset being evaluated then falls with the survey instrument. To
avoid information bias, special attention should be paid to design the survey
protocol and questionnaire, especially to select the nature, format and quantity of
information provided to respondents. The researcher should ensure that this infor-
mation is correctly understood by respondents by implementing a careful pretesting
of the contingent valuation questionnaire. Complementary techniques can also be
implemented. McClelland et al. (1992) for instance used a process of cognitive
survey design, based on the pretesting of a 30–40 page perfect information ques-
tionnaire with randomly chosen people who were asked to speak continuously into
a tape recorder as they completed the survey, in order to identify potential informa-
tion problems. Mitchell and Carson (1989) conducted several focus groups to
explore in-depth people’s groundwater knowledge, concerns and preferences for
groundwater protection. If sufficient information is provided “in a way that is
plausible, understandable and meaningful to respondents” (Carson et al. 2001),
some authors do not consider unfamiliarity as a problem for conducting a CV
survey.
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21.3 Empirical Case Studies: Objectives and Methodology
21.3.1 Context and Motivation for Conducting Two Additional Case
Studies
The empirical research presented in this section was triggered by practical problems
arising from the implementation of the European Water Framework Directive. In
several European river basin districts, a number of groundwater bodies were so
severely affected by human activities (overdraft or pollution) that stakeholders
would not support the implementation of costly clean-up or replenishment
programs. Clean-up or remediation costs were considered excessive as compared
to financial capacities of actors and/or to the benefits that could be derived by
potential groundwater improvement. However, justifying that benefits were much
lower than remediation costs had to be supported by some evidence, which
economists were asked to provide. The use of the contingent valuation method
was advocated and several studies implemented in the framework of European and
national research programs (see for example the Bridge-WFD program and the
FRAC-WECO Belgian research project). The two case studies presented here were
initiated in this context, with the intention of answering the following questions:
• Is contingent valuation an appropriate method for monetary valuation of benefits
associated with groundwater protection and restoration, in locations where
(1) people do not directly use groundwater through wells, and (2) where they
have a very limited knowledge of groundwater resources?
• If appropriate, what type of information should be provided to respondents to
make sure that they properly understand the multidimensional nature of the
benefits associated with groundwater protection and restoration?
• Finally, what are people’s stated preferences for the different components of
groundwater protection and restoration benefits? Do they integrate use and
non-use benefits, short and long term benefits?
21.3.2 Case Studies
The two selected case studies are complementary in terms of type of territory, type
of resource and use, and management problem (see Table 21.2). The Meuse alluvial
aquifer (MAA) case study (under the city of Lie`ge, Belgium, 360,000 inhabitants)
focuses on a large urban section of an alluvial aquifer which is no longer used due to
historical industrial pollution. If implemented, a clean-up program (decontamina-
tion of brownfields) would not only restore groundwater quality but also contribute
to improving the ecological status of the Meuse River (indirect use benefit). It
would also generate a moral satisfaction in transmitting to future generations a
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better environment cleared from historical pollution, and potentially offering an
alternative to currently used superficial water supplies.
The Lower Triassic Sandstone (LTS) case study (Lorraine region, in Eastern
France) deals with a large confined aquifer that is increasingly depleted (68 m
between 1968 and 2000). This aquifer has a strategic role at the regional level, since
over 100,000 inhabitants depend on it for their water supply. A programme of
measures aiming at restoring a balance between recharge and abstraction is cur-
rently being considered. In the absence of remediation action, a number of wells
will run dry in the medium term (15–50 years) and local communities will have to
switch to surface water supply, entailing higher investment and operation cost and a
greater exposure to drought and surface water contamination risk. Note that the
restoration program would not have any indirect ecological impact since this
confined aquifer does not interact with surface ecosystems.
21.3.3 Overview of the CommonMethodology Deployed in the Case
Studies
The methodology deployed in the two case studies comprises the four following
steps (He´rivaux 2011; Rinaudo 2008): (1) preliminary social survey; (2) question-
naire design and test; (3) survey implementation; and (4) data analysis.
Step 1 consists of a series of qualitative interviews to analyse people’s percep-
tion and understanding of the groundwater resource under study. In the LTS, a total
Table 21.2 Main characteristics of the two aquifers selected as case studies
Characteristics
Meuse alluvial aquifer (MAA)
Lie`ge region, Belgium




Shallow alluvial aquifer (15 m
depth)
Local resource





Densely populated urban area Rural area
Management
problem




Drinking water wells abandoned
due to pollution
Very few private wells
Main resource for municipal supply,
food and beverage industry, industrial






Improvement of natural heritage
(bequest value) and potential future
use (option value)
Continued long term access to
groundwater implying continuation of
cheap municipal supply in the future;
and reduced risk in case of drought or
contamination of superficial water
resources
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of 72 semi-structured face-to-face interviews were conducted to capture the lay
vision of the reservoir, its characteristics and geographic extension; and to assess
the level of understanding of the water cycle underground, with specific attention
being paid to the understanding of exchanges between ground and surface water.
Respondents were also asked to identify the services provided by groundwater to
society. In the MAA case study, the same issues were addressed through informal
discussion during the pre-test of the questionnaire and several open-ended
questions administered at the beginning of each interview.
The results of this first step were used to construct a structured questionnaire,
which was then carefully tested with about 50 respondents in each case study (step
2). Although differing in their contents, to be adapted to each case study, the
contingent valuation questionnaires were similarly structured into four main
sections. Section 21.1 consists of the presentation of the aquifer under study and
it is followed by a series of questions aiming at assessing respondent’s prior
knowledge of this resource. Section 21.2 summarizes the groundwater management
problem today and in the future if no action is undertaken. Impacts of groundwater
overexploitation/ pollution on the current uses of the resources are also presented.
Respondents are asked about their prior knowledge of this situation. Section 21.3
presents the groundwater improvement scenario. Proposed measures and expected
impacts on groundwater quality and groundwater uses are listed. Respondents are
asked if they would be willing to contribute financially (each year for 10 years) for
such a scenario using the water bill as a payment vehicle. Those who agree are
asked to specify an amount in euros per year on a payment card (for the household).
Respondents are then asked to explain their motivations for accepting or refusing to
contribute. Section 21.4 deals with socio-economic characteristics of the
respondents (gender, age, employment, education, size of the household, income,
perception of environmental problems, etc.).
The quantitative survey was then completed, with respectively 530 and
650 respondents in the MAA and LTS case studies (step 3). Face-to-face interviews
were used in the MAA case study and a mail survey in the French LTS case study.
Both methods have their advantages and their limits. For the MAA case study, the
in-person survey seemed to be the most appropriate to collect answers to open-
ended questions on groundwater and to minimize the non-response rate which was
expected to be particularly high in this “non-use context”. The mail survey method
was chosen for the LTS case study to ensure that respondents would have sufficient
time to get to know an unfamiliar subject and think about their preferences. The
return rate was about 11 %.
Data obtained were then statistically analysed to check the consistency of
responses and to identify factors determining stated WTP for groundwater protec-
tion (step 4). Different econometric models were estimated. Further detail on this
part of the work is provided in the Appendix.
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21.3.4 Sending Clear Messages About the Benefits of Groundwater
Protection
When designing our CV survey, the main difficulty we had to address was to send
clear messages about the benefits associated with the groundwater protection plan
presented in the questionnaire. Given the complexity of the issue, we adopted a
stepwise approach consisting of: progressive delivery of information on the ground-
water resource itself and its current problems (Sect. 21.1); expected future evolu-
tion with a no-action scenario and possible consequences over time (Sect. 21.2);
and a groundwater protection/restoration scenario, accompanied with a description
of the potential benefits (Sect. 21.3).
In Sect. 21.1, we developed several simplified schemes depicting the geometry
of the aquifer and the circulation of water and/or pollution loads within the reservoir
(Fig. 21.1). The understanding of these visual supports as well as of the vocabulary
used was checked during the pre-test phase. Maps were also used to delineate the
spatial extent of the management problem so that each respondent could see if they
Fig. 21.1 Simplified representation of the Lower Triassic Sandstone aquifer (diagram used in the
CV survey) (Source: Rinaudo 2008)
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live above the aquifer or not, close or far from it. For the MAA case study, a series
of maps combining Google Earth views and the aquifer boundaries were used
during the survey to know if the respondent lives above the MAA (Fig. 21.2).
Specific supports (maps or tables) were also used to show the origin of tap water for
each municipality of the sample so that respondents could know if their water
supply relies on the groundwater under study (Fig. 21.3).
When designing the questionnaire, specific efforts were made to describe the
temporal dimension of groundwater deterioration (under the no-action scenario) or
improvement (under the restoration scenario). In the LTS case study for instance,
respondents were presented a map showing the date at which they would be
impacted by groundwater depletion with the no action scenario (see Fig. 21.4).
This map was elaborated based on the results of groundwater model simulations
(Vaute et al. 2007). It was intended to help respondents in understanding if they
would be personally concerned by groundwater protection benefits or if benefits
would accrue to future generations.
Fig. 21.2 Example of map combining aerial photographs and aquifer boundaries used during the
survey (Source: He´rivaux 2011)
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Fig. 21.3 Table showing where tap water comes from in the municipalities selected for case
study (used in the questionnaire) (Source: Rinaudo 2008)
Fig. 21.4 Map depicting the area likely to be affected by the decline of water tables at three
different dates. A list of municipalities included in each coloured pocket is provided so that
respondents can locate themselves on the map (Source: Rinaudo 2008)
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21.4 Empirical Results
21.4.1 The Impact of Prior Knowledge and Information Supply
on WTP
In line with past research conducted in similar European contexts, these two case
studies confirm that respondents are quite unfamiliar with groundwater. Many of
them discovered the existence of the resource and its management problems as they
completed the questionnaire (LTS) or answered the interviewer (MAA). In both
case studies, there is a large percentage of the population that does not even know of
the existence of the groundwater body presented in the survey - 80 % in the MAA
case study and 46 % in the LTS. Few respondents were also aware of the pollution
or overexploitation problems threatening local groundwater (76 % and 54 % of the
respondents for the MAA and LTS case studies). And less than half of them knew if
their water supply was dependent or not on groundwater (see Fig. 21.5).
One of the reasons for this limited knowledge is obviously that most respondents
have no direct use of groundwater. Their lack of interest for groundwater is further
accentuated by the limited coverage of this issue by the media and local political
Fig. 21.5 Respondents’ prior knowledge level (MAAMeuse alluvial aquifer, LTS Lower Triassic
Sandstone aquifer)
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debate. The second reason, identified through semi-structured interviews conducted
in the LTS case study relates to the public’s mental representation of groundwater.
Although lay people have a general understanding of what groundwater is, they do
not spontaneously grasp the concept of an aquifer, defined as a three-dimensional
geological reservoir and the water it contains. Laymen can hardly locate water
resources on a map and find it very difficult to explain how and why water moves
underground, eventually reaching the surface through springs or river banks.
Groundwater is generally perceived as a ubiquitous resource, not as a well
spatially-defined object.
Despite limited prior knowledge, the two case studies show that it is possible to
supply adequate information during a survey, either through face-to-face interviews
(MAA case study) or postal surveys (LTS). Maps and diagrams presented to
respondents present no major understanding challenges because “they echo what
they learnt on the water cycle at secondary school” (quote from several
respondents). The information provided was considered by respondents as suffi-
cient to inform their decision to contribute financially to groundwater restoration
(e.g., 84 % in the MAA).
However, one can wonder how the information supplied influences stated WTP.
While the questionnaires provide the same information to the respondents through a
detailed description of the aquifer, its uses, its management problem and the
benefits expected from a good status, the appropriation of this complex information
can be different between those who discovered the aquifer under study during the
survey (situation of preferences construction) and those who had a prior knowledge
of the aquifer and its management problem (situation of established preferences).
This was actually tested in the two case studies by comparing the average WTP of
respondents with and without prior knowledge of the problem. No statistically
significant impact was found in the MAA. By contrast, respondents’ prior level of
information had a significant negative impact on WTP in the LTS case study (see
the statistical results in the Appendix). Variable “info” in the OLS model has a
negative sign. It is significant at the 5 % level. This suggests that the information
provided in the questionnaire may have a WTP enhancing effect. Similar findings
were reported by Venkatachalam (2004) who found that additional information,
provided about drinking water quality to respondents who possessed different levels
of information about the water quality, can significantly influence the WTP values.
21.4.2 Motivations Underlying WTP
In the two case studies, about two third of the respondents accepted paying,
revealing a real concern for groundwater protection. The average stated WTP was
approximately 40 €/ household/year over 10 years in each of the two case studies.
This value lies at the lower bound of the range of WTP reported in the literature.
Multivariate regression analyses were performed using several econometric models
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to check the consistency of answers. Some three models were estimated: a logistic
regression model to explain the yes/no response to the WTP question; an ordinary
least square regression model to explain the positive WTP amounts; and a Tobit
regression model to explain positive or true zeros WTP amounts. Results of various
multivariate regression models are presented in the Appendix. The analysis was
useful in understanding how various motivations for paying influence the stated
amount.
The main motivations underlying the decision to pay are given in Table 21.3.
These motivations are helpful in identifying to which component of the total
economic value different individuals are sensitive. Looking at the main motivation
quoted, we can distinguish four groups of respondents:
• In the first group, the concern for future generations is the main motivation for
paying (respectively 49 % and 52 % of the MAA and LTS samples). Groundwa-
ter is clearly perceived as a natural heritage which should be preserved to
guarantee future generations wellbeing, either as a clean, cheap and protected
drinking water source or as a support of the local economy. For these
respondents, higher WTP may reflect a feeling of moral responsibility for
contributing to the protection of groundwater for future generations. WTP
reflects altruism more than economic self-interest. In the LTS, the econometric
analysis shows that respondents ranking by future generation as a first
Table 21.3 Willingness to pay and underlying motivations in the two case studies (motivation
statements were listed in the questionnaire and selected by respondents)
Meuse Alluvial Aquifer Lower Triassic Sandstone aquifer
Willingness to pay










Main motivation for paying Main motivation for paying
Bequest
value
To pass on to future
generation groundwater of
better quality
49 % Groundwater is what my






To improve the quality of
dependent ecosystems (fauna,




To make possible future use
of the aquifer for the city of
Lie`ge if needed
22 % I prefer to pay now for
groundwater protection than






To keep the possibility of
using groundwater through a
private well
3 % I accept to pay because I use
this aquifer/my drinking water
supply depends on it
Depleting this aquifer would
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motivation have an 11 % higher WTP (variable “futgen” significant at the 1 %
level, see Appendix).
• The second group comprises respondents whose main motivation is protecting
(LTS) or restoring (MAA) the groundwater resource which they could person-
ally be using in the future. WTP stated by these respondents thus reflects the
option value of groundwater, defined as the benefits that could be derived from
potential future use. Their WTP is not statistically different from the average.
• The third group is mainly motivated by the protection of a resource which they
already use, either directly through a private well, or indirectly when their
municipal water supply depends on groundwater. They represent approximately
20 % of respondents in the LTS, but only 3 % in the MAA where the aquifer is
not usable in its current status. In LTS, these respondents have a statistically
lower WTP than the sample average.
• The fourth groups say their main motivation is to contribute to the environmental
improvement of dependent ecosystems. They represent 22 % of the MAA
sample. This motivation is not expressed in the LTS due to the confined nature
of the aquifer, and the absence of an impact on surface dependent ecosystems.
Overall, these results highlight that stated WTP is an indicator that actually
captures the different dimensions of groundwater protection benefits: direct use
benefits; indirect use benefits (dependent ecosystems); option value (opportunity to
use in the future); and bequest value (value for future generations).
21.4.3 Mental Models and Embedding Effects
An abundant literature describes the potential bias associated with the use of
contingent valuation for valuing environmental goods (Venkatachalam 2004).
Our case studies suggest that there are additional problems related to the specific
characteristics of groundwater and to what environmental economists call an
embedding effect or a part-whole effect. This embedding effect seems to be closely
related to the “mental model” of joint products highlighted by Schulze et al. (1998):
respondents may have different mental models, often strongly held, which will
replace whatever mental model the researcher intended to impose on the respon-
dent. Some respondents will accept the implicit mental model used by the
researcher in designing the survey while others will not. Increased information
does not address the possibility that individuals may have different mental models.
Our results highlight two kinds of potential embedding effects:
• Due to insufficient knowledge, some respondents perceive groundwater as a
ubiquitous and uniformly distributed resource, rather than a collection of well-
defined and spatially delineated reservoirs. These respondents are thus not able
to make a clear distinction between protecting groundwater in a broad sense on
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the one hand, and protecting a specific aquifer on the other hand. This remains
true even if maps and schemes are provided in the survey. The existence of such
an embedding effect is supported by much evidence in our two case studies: in
the MAA, we asked respondents who accepted to contribute if they would be
willing to contribute for any other groundwater body. The answer was positive
for 71 %, with 41 % declaring the same WTP. In the LTS, 44 % of the
respondents declared they would consent to pay a similar amount for the
protection of any other aquifer in France. Such results cast doubts on the
meaning of elicited WTP values, which could be considered as the WTP to
protect groundwater resources in general (and not specifically the groundwater
body under study).
• The second embedding effect is more specifically linked to situations where
groundwater protection or restoration programs generate a wide range of envi-
ronmental benefits. This effect is observed mainly in the MAA case study where
some respondents faced difficulties in clearly disentangling those benefits
derived from groundwater quality improvement from those of other environ-
mental benefits. Especially in the context of orphan brownfields management, it
is clear that actions aiming at improving groundwater quality will also bring
other types of benefits to the population (positive landscape amenities, improve-
ment of soil quality, etc.). Even if a survey clearly focuses on groundwater
resources we cannot be sure that all respondents accept the implicit mental
model used by the researcher in designing the survey. Results provide evidence
of this risk: respondents who declare being concerned by a high number of
environmental problems have a higher probability of accepting to pay, and a
greater WTP. This reflects a difficulty for respondents to disconnect groundwater
resources from other environmental compartments (air, soil, surface water, etc.).
The survey may have influenced them in that direction by explaining the link
between contaminated soil and groundwater quality on the one hand, and
groundwater quality and surface ecosystems on the other hand. Such a result
raises doubts as to the meaning of the WTP value, which could be considered as
their WTP to improve the environment quality in general in their community
(and not specifically the groundwater resource).
21.5 Discussion, Conclusions and Recommendations
In a context of mounting financial constraints, policy makers and the managers of
river basins increasingly tend to use economic appraisal techniques to screen and
compare competing groundwater protection and remediation projects. This gener-
ally involves assessing and comparing the costs and benefits associated with such
projects. One of the main difficulties reported by economists is conducting an
integrated assessment of the wide range of benefits generated by groundwater
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protection. Indeed groundwater protection or remediation not only improves the
welfare of economic agents exploiting this resource (households, municipalities,
industries, farmers), it also contributes to improving ecological services produced
by groundwater dependent ecosystems (e.g. rivers and wetlands). Moreover, there
are clear long term benefits associated with the protection of groundwater resources
for future generations, considering their buffering role in situations of drought or
extreme pollution events for instance.
One of the methods recommended and widely used to assess all these benefits is
contingent valuation. The method comprises eliciting people’s WTP for improving
groundwater and the associated benefits. One of the strengths of this method is
providing a single monetary estimate that theoretically includes direct and indirect
use values as well as option and bequest values. A number of applicative studies,
reviewed in this chapter, illustrate the integrative potential of the method. They also
highlight some of its limitations and caveats. In particular, doubts exist about the
validity of the method when applied to situations where respondents have a very
limited knowledge of groundwater; and where direct uses being limited, most of the
benefits are linked to indirect impacts on dependent ecosystems.
Two original case studies representative of this situation are presented in the
chapter. They show how the method can be used in contexts where respondents are
not familiar with groundwater. Overall, selected results highlight that WTP is an
indicator that captures the whole range of groundwater protection benefits.
Assessing WTP through contingent valuation surveys therefore is helpful for
conducting an integrated valuation of groundwater protection benefits. Based on
the results from the surveys, the message to water planners and policy makers is that
people do care for groundwater protection and remediation, especially to guarantee
the wellbeing of future generations.
However, the studies also point out some limits that might restrict the relevance
of the results obtained. The first limit is related to the respondents’ limited prior
knowledge of groundwater. Our case studies suggest that it is possible to convey
sufficient information to support respondents’ contribution decision. However,
there is a clear risk that this information biases the elicitation process, either
enhancing or reducing WTP. This statement also raises doubts as to the representa-
tiveness of the sample of CVM respondents, as the survey sample on average is
more informed about groundwater than the public in general. The second limit is
related to two types of the so-called embedding effect: (1) because lay people often
perceived groundwater as a uniformly distributed resource, some of them may be
unable to assess the benefits associated with the protection of a distinct aquifer,
considering its geographic location and extension and its specific hydrogeological
properties; and (2) in situations where the groundwater management actions are
expected to bring a wide range of environmental benefits (e.g. on water quality but
also on landscape amenities and soil quality), respondents may face difficulties to
clearly disentangle benefits derived from groundwater quality improvement from
other environmental benefits.
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This leads us to formulate two main recommendations. The first one is that a
30-min or so face-to-face interview or an eight-page questionnaire, say, may not be
sufficient for people to correctly understand the characteristics of the aquifer under
study and the benefits ensuing from its protection. More time should be dedicated to
this preliminary step to ensure that respondents adopt the “mental model” used by
the survey designers. Techniques such as focus groups could be used to achieve this
objective. The second recommendation is to favor assessing the benefits of ground-
water protection programs for the full range of expected environmental
improvements at the local scale (rather than only for the groundwater quality
improvement), either by the use of the CVM or by the use of other types of revealed
preferences methods such as choice experiments which could be more appropriate.
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Appendix
Detailed Description of Survey Results
Tables 21.4 and 21.5 provide the results of the estimated econometric models. The
logistic model aims at identifying variables determining the probability that a given
respondent accepts contribution. The dependent variable is 1 if the respondent is
willing to pay, 0 otherwise.
The Ordinary Least Square (OLS) regression model aims to identify the
variables that determine the amount respondents are willing to pay. The OLS
model only uses strictly positive WTP, zeros being excluded. The Tobit model is
a variant of this model, which accounts for zeros.
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